• Catchments allow estimation of run-off and soil erosion on a landscape scale, two of the key criteria for measuring the sustainability of mountain production systems; • If downstream agriculture is profitable and threatened by upstream activities, equitable tax systems could be designed to fund investments in upstream soil and water management activities; • Funds for natural resource management are limited, so prioritizing interventions and estimating their cost-benefit ratio within a watershed should be advantageous in attracting development funding; • Small watersheds often approximate municipalities; hence they can be congruent with local decision-making units.
However, using a watershed approach to design development plans, orient municipal investment and attract national and international funding remains somewhat uncharted territory. Among other things, this approach requires:
1. Collecting digitized and geo-referenced data, not simply district level maps and census numbers; 2. Characterizing soils, slopes and vegetation on the entire landscape, not just the intensively farmed areas; 3. Working with multiple levels of authority to set priorities, not just with individual farming families.
As a result, research and development interventions at the watershed level require significantly more time, data, funds and actors.
Making the concept of watershed analysis operational
Since 1995, CONDESAN and its partners have been learning how to conduct watershed evaluations, generally in catchments of 5000-25,000 ha. This work is at the interface of research and development since all the tools already exist. But to use them well, data must be collected by a multidisciplinary team and analyzed by the local actors. To date, most of the work has been done in Colombia. The process includes:
• Although only a few of the 8 test watersheds have been through the entire five-step process (see Table 1 ), some partial conclusions can be drawn from this experience.
Analytical results
Most farming practices in the higher rainfall (>3000 mm/yr) and lower elevation (2500-5000 m) watersheds in Colombia conserve soil fairly well. Measured losses associated with fallow and pasture systems are low (<9 t/ha/yr), somewhat higher with coffee (around 15 t/ha/yr), and the highest under food crops like corn, plantain, and cassava (>20 t/ha/yr). However, these latter systems rarely represent more than 5% of the landscape. The higher rates of average soil loss reported (often as high as 50 t/ha/yr) at the watershed level are most likely due to small landslides, erosion from road cuts and urban zones, and stream bank collapse-not just agriculture.
The SWAT program allows the test watershed to be subdivided into as many as 10 sub-basins. If the data are available, this makes it possible to identify which sub-basin is supplying the most water or sediment to the catchment outlet. Although this analysis was not particularly useful in two cases, in La Encanada it was estimated that 90% of the sediment load came from one of the six sub-basins. Perhaps it is not surprising that most data are not digitized or geo-referenced. It is unfortunate, however, that the data available for watershed evaluations are jealously guarded, usually expensive, and sold with severe limitations on the purchaser's ability to share the data with other users. This reality markedly increases the transaction costs of working with GIS tools and models.
In three Colombia watersheds, models were used to estimate the impact of improved vegetation management on stream flows. In the case of Guadalajara, increasing forest cover from 10% to 30% resulted in an estimated reduction of maximum daily flow by an impressive onethird, increased minimum daily flows by only 10%, and had almost no effect on average flows (see Table 2 ).
In three cases, analysis of externalities of current land use practices indicates that it is unlikely downstream users would pay for upstream soil and water conservation activities. For example, in Colombia it will take approximately 80 years at current sedimentation rates for hydroelectric production capacity to be affected at the La Miel dam. In Peru, although the Gallito Ciego dam is rapidly filling with sediment, Pacific coast farmers are not likely to invest in upstream improvements. They know that the majority of the sediment (we estimate 70% of the accumulation over the past 10 years) comes during a catastrophic "El Niño year" (compare Figures  3 and 4) , not through annual overland 125 Development a CN, curve number, based on the USDA SCS tables. The lower the curve number, the less run-off and erosion take place. b A measure of high flow volumes. Flows will exceed this maximum only in 5% of all cases. c A measure of low flow volumes. Flows will exceed this minimum in 95% of all cases. flow that might be managed by reforestation. In Carchi, Ecuador, farmers at the tail end of the El Garrapatal irrigation canal are sometimes up in arms because they don't get adequate irrigation water. Rainfall analysis, farmer surveys and CROPWAT suggest, for example, that: 1) in 7 out of 10 years irrigation water is adequate to meet crop needs; 2) at current irrigation efficiencies, the first task is to improve on-farm water management; and 3) the major option for increasing water availability would be expensive civil engineering (a reservoir) and not upland conservation strategies. Perhaps most importantly, the irrigated farms are primarily planted with corn and beans (80%) where additional water has a relatively low value. Finally, research suggests that "natural resource-conserving" changes in current land use systems will have a negative effect on employment opportunities in the watershed, probably increasing rural poverty. In two cases in Colombia, it is estimated that the shift from coffee to pasture would reduce sedimentation rates by more than 50%, but also reduce employment by 20 to 30%. This would probably be a politically unacceptable solution to improving natural resource management.
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What general lessons have been learned?
These results have been very sobering and clearly indicated how complicated watershed reality actually is. While the jury is certainly still out, in these eight cases, moving the analysis beyond the classical "farmstead level" did not bring to light new approaches to development. What we have learned, however, is the following:
• Often, sedimentation problems cannot be addressed through direct incentives to farmers. It appears that in some cases much of the sediment load in the river is not due to agricultural activities. Rather, road cuts, urban areas, landslides, stream bank collapse and heavy rainfall years (El Niño) are the culprits. The public investments necessary to address these phenomena require entirely different actors and sums of money than what would be necessary for the development of incentives to alter agricultural production practices.
• It is often hard to argue that national funds should pay for incentives to reforest tropical watersheds. The models suggest that reforestation in the humid Andes can result in higher minimum stream flows and lower maximum stream flows, but the differences will be modest. It appears unlikely that financial incentives to promote reforestation based solely on improved soil and water management would be economically sound. To increase the potential profitability of reforestation, CONDESAN is investigating reforestation for sequestering CO 2 .
• Prioritizing watershed interventions may be of only academic interest. While analysis can indicate where the "hot spots" are, political realities put great pressure on upland authorities to disburse conservation funds without regard to topography. For example, analysis showed that one area was an erosion "hot spot" in the La Encanada watershed, but the political decision was made to invest equally in all 23 caserios of the 12,000 ha watershed.
• Estimated externalities often indicate that improved natural resource management has little perceived economic value. Generally speaking, farmers in the Andes rarely pay more than $25-50 per ha in annual dues for membership in an irrigation system, and generally grow crops of fairly low value. In many cases, these low rates are justified by low profit margins. Wealthy farmers get access to more water by buying more land or buying land with more water rights. Under these conditions, it is unlikely that local producers would agree to pay higher water taxes for use in water conservation in the upper watershed.
• Some proposed watershed interventions will exacerbate rural poverty. Shifting to lower intensity use of the land may reduce erosion losses but it will also result in loss of jobs. If this issue is not addressed, rural poverty will increase. CONDESAN is investigating the alternative approach of promoting land use intensification to reduce rural poverty and resource degradation with the help of terracing, higher-value crops and improved irrigation techniques.
• Resistance to sharing data remains an unfortunate reality in the Andes. Dataintensive models (quantity, need for geo-referencing) can be very difficult to run without collaboration from state agencies. While not a complete surprise, this problem must be worked at, day by day, agency by agency, through education and by developing joint projects. Our vision is that in the future these agencies will not sell data but learn these analysis techniques and sell information.
Where do we go from here?
Since the 1960s production agronomists and economists have gradually expanded their focus of inquiry from commodities to cropping systems to whole farm analyses, and some have recently ventured to the watershed level. Part of CONDESAN's portfolio of activities since 1995 has been an effort to see if this seemingly logical level of analysis for natural resource management and development was useful. It is surprising, but the initial evidence is beginning to suggest that while catchments and watersheds are all easily recognizable units, they are very complicated levels for designing and prioritizing research and development programs.
On the other hand, we have been surprised by the general trends toward decentralization of political power and globalization in the marketplace, which has triggered increased local interest in natural resource use and management. We are finding that this mixture of GIS mapping and biophysical and economic modeling is responding to a need-for example, of municipal authorities in Colombia and soil and water conservation programs in Peru. Incorporating natural resource management information at the local level is helping to reinforce local planning exercises. Our intention is to try to strengthen our efforts in this area over the next five years. 
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